
BELLCOMM, INC. 7 
! 

COVER SHEET FOR TECHNICAL MEMORANDUM 

TITLE- Rad ia t i on  I n t e n s i t y  Due t o  
co60 Radioac t ive  F u e l  Gauges 

FILING CASE NO(S) - $ DATE -June 10, 1966 ., 
4 

AUTHOR(S)- T. C. Tweedie, Jr. 

FILING SUBJECT(S) - 
(ASSIGNED BY AUTHOR(S) - S a t  u rn  Apollo App li c a t  i 

Space c r a f t  Radia t ion  
RCS F u e l  Gauges 

Experiments mounted on t h e  Apollo s p a c e c r a f t  may be 
adve r se ly  a f f e c t e d  by t h e  r a d i a t i o n  emi t t ed  from t h e  co60 used 
i n  t h e  RCS f u e l  gauging system. To assist  i n  p rope r  placement 

module and at t h e  LEM Descent Stage i s  made. This, e s t i m a t e  should  

of r a d i a t i o n  s e n s i t i v e  experiments a q u a n t i t a t i v e  e s t i m a t e  of t h e  -. 
r a d i a t i o n  i n t e n s i t y  i n  t h e  f r e e  volume of S e c t o r  I of )he s e r v i c e  'R 

be regarded  a s  approximate s i n c e  i t  i s  based on a s i m p l i f i e d  model 
which i s  f u l l y  desc r ibed  i n  t h e  t e x t  of t h i s  memorandum. Two case s  
a r e  examined: 

1. RCS r a d i a t i o n  gauges i n s t a l l e d  on bo th  SM and LEM 

2. RCS r a d i a t i o n  gauges i n s t a l l e d  on SM onlg; LEM 
gauges removed. 

. Based on t h e  l i m i t e d  model assumed f o r  t h e  d i s t r i b u t i o n  
of t h e  SM r a d i a t i o n  sources  and t h e  r a d i a t i o n  a t t e n u a t i o n  by 
t h e  s p a c e c r a f t ,  t h e  LEM D ~ s c e n t  Stage i s  a more f a v o r a b l e  l o c a t i o n  
f o r  i n s t a l l a t i o n  of r a d i a t i o n  s e n s i t i v e  experiments t han  S e c t o r  I of - - 

t h e  Se rv i ce  Module. Removal of t h e  LEM co60 RCS gauges s u b s t a n t i a l l y  
reduces  t h e  photon f l u x  a t  t h e  bottom of t h e  Descent S tage .  

F i n a l l y  i t  should  be s t r e s s e d  t h a t  p a r t i c u l a r  experiments 
must be considered i n d i v i d u a l l y  w i t h  r ega rd  t o  t h e i r  s e n s i t i v i t p  t o  I 

X-ray r a d i a t i o n  and t o  t h e i r  p r e c i s e  l o c a t i o n  on t h e  s p a c e c r a f t  s i n c e  
t h e  p o s s i b i l i t i e s  n C  llwindows" cannot be neg l ec t ed .  

,- 

I r .  (NASn-rm-114021) BA D  01 I N T E N S I T Y  DUE TO 
a C060 U D I O A C T I I E  FUEL G A U G E S  (Bellcomm, 

Iac-) t 3 p  



! 

COMPLETE MEMORANDUM T O  .- 

CORRESPONDENCE FILES: 

OFFICIAL FILE COPY 

PIUS one white copy for each 
additional 'case referenced 

TECHNICAL LIBRARY (4) 

NASA HEADQUARTERS 

J. H. Disher/MLD 
J. P. F ie ld ,  Jr ./MLP 
W. B. Foster/SM 
W. D. Green, Jr./MLA 
T. A .  Keegan/MA-2 
D .  R. Lord/MTX 
J. G. Lundholm/MLA 
L. Reiffel/MA-6 
N .  G.  Roman/SG 
W. B. Taylor/MLA 

W. E. Stoney, Jr./ASTD 

MSF C - 

BELLCOMM 

G. M. Anderson 
P. L. Havenstein 
J. A .  Hornbeck 
B. T. Howard - 

- , D .  B. James 
K.  E.  Martersteck 
J. Z .  Menard 
C.  R.  Moster 
I. D. Nehzma 
G. T. Orrok 

DISTRIBUTION 

+ T. L. Powers 
J I. M. Ross 

T. H. Thompson 
R. L. Wagner 
A l l  Members Division PO 

artment 1023 

COVER SHEET ONLY TO -- 



SUBJECT: i i a d i a t i o n  I n t e n s t i y  Due t o  DATE: June  1 0 ,  1966 

co60 R a d i o a c t i v e  F u e l  Gauges 
Case 218 FROM: T.  C.. Tweedie,  J r .  

TECHNICAL MEMORANDUM 

I n t r o d u c t i o n  

I ~ p l e m e n t i n g  t h e  s u g g e s t i o n  of t h e  N a t i o n a l  Academy 
of S c i e n c e s  a s  s t a t e d  i n  t h e  r e p o r t  of t h e  Woods Hole Meeting 
1965 t o  a s s i g n  a p r i o r i t y  f o r  X-ray and gamma-ray astronomy 
comparable  t o  t h a t  of o p t i c a l  o r  r a d i o  astronomy,  NASA/OSSA 
has  p roposed  a t e n t a t i v e  g roup ing  of X-ray and gamma-ray s e n s o r s  
f o r  e a r l y  S a t u r n  Apol lo  A p p l i c a t i o n s  Program (SAA) m i s s i o n s .  
On t h e s e  e a r l y  m i s s i o n s  b road  s u r v e y s  i n  t h e  s h o r t  wave leng ths  
of  i n t e r e s t  a r e  p lanned t o  p r o v i d e  b a s i c  knowledge of t h e  
d i r e c t i o n a l  and s p e c t r a i  c h a r a c t e r i s t i c s  of t h e  deep . space  
r a d i a t i o n  s o u r c e s .  S i n c e  t h e  E a r t h ' s  a tmosphere  s t r o n g l y  
a b s o r b s  s h o r t  wavelengths ,  t h e  X-ray o r  gamma-ray s e n s o r s  
would be mounted on E a r t h - o r b i t i n g  manned Apol lo  s p a c e c r a f t  which 
can  s u p p o r t  t h e  expe r imen t s  f o r  approx ima te ly  1 4  days .  T h i s  
d u r a t i o n  r e p r e s e n t s  s e v e r a l  o r d e r s  of  magnitude improvement o v e r  
p r e v i o u s  expe r imen t s  per formed on unmanned r o c k e t  f l i g h t s  . 
U n f o r t u n a t e l y  t h e  Apol lo  s p a c e c r a f t ,  b o t h  CSM and LEM, c o n t a i n s  
r a d i o a c t i v e  i s o t o p e s  used  i n  t h e  r e a c t i o n  c o n t r o l  sys t em (RCS) 
f u e l  gauges .  The r a d i a t i o n  e m i t t e d  by t h e s e  gauges i s  s u f f i c i e n t  
t o  a f f e c t  a d v e r s e l y  many exper imen t  s e n s o r s  arid i n  some c a s e s  
t o  o b l i t e r a t e  comple te ly  t h e  low s i g n a l  s t r e n g t h  e x p e c t e d  from 
t h e  c e l e s t i a l  s o u r c e s .  

I f  t h e  X-ray o r  gamma-ray s e n ~ o r s  ape mounted 13 t h e  
S e r v i c e  Module, r a d i o a c t i v e  RCS gauges i n t e r f e r e  w i t h  t h e  
exper iment  d e t e c t o r s ;  i f  t h e  s e n s o r s  a r e  mounted on t h e  LEN, 
similar r a d i o a c t i v e  gauges a l s o  compromise exper iment  s e n a f  t l v l t y  . 
It h a s  been proposed  t h a t  t h e  LEM RCS gauges ( l o c a t e d  i n  t h e  
Ascent S t a g e )  be removed, and t h a t  t h e  r a d i a t i o n  s e n % l t i v e  
experiments be mounted on t h e  bot tom of t h e  Descent  S t a g e .  
S i n c e  t h e  LEM RCS gauges a r e  n o t  needed f o r  crew s a r e t y  on 
E a r t h  o r b i t a l  m i s s i o n s  ( t h e  SM RCS i s  needed d u r i n g  retrofire 
and f o r  SM/CM s e p a r a t i o n ) ,  removal  of  t h e  i s o t o p e s  i n  t h e  LEM 
gaug ing  sys t em i s  a  p o s s i b l e  s o l u t i o n  t o  t h e  r a d i a t i o n  back- 
ground problem. 



The r a d i a t i o n  l e v e l s  i n  t h e  f r e e  volume of S e c t o r  I 
of t h e  S e r v i c e  Module and a t  t h e  LEN Descent  S t e g e  a r e  d e t e r -  
mined and compared f o r  two c a s e s :  

1. RCS r a d i a t i o n  gauges i n s t a l l e d  on b o t h  SM and LZPI, 

2. RCS r a d i a t i o n  gauges  i n s t a l l e d  on Sbl on ly ;  LZPI 
gauges  removed. 

R a d i a t i o n  S o u r c e s  

The f u e l  gaug ing  s y s t e m  on t h e  RCS t a n k s  r e l a t e s  t h e  
amount of f u e l  p r e s e n t  i n  a  t a n k  t o  t h e  a t t e n u a t i o n  of the 
pho tons  e m i t t e d  by a  known amount of t h e  r a d i o a c t i v e  i s o t o p e  

L n  

cow" mounted around t h e  t a n k .  I n  t h e  SM t h e r e  a r e  e i g h t  RCS 
t a n k s  d i s t r i b u t e d  s y m m e t r i c a l l y  i n  p a i r s  i n  a  p l a n e  normal  t o  
t h e  s p a c e c r a f t  p r i n c i p a l  a x i s .  On each  t a n k  t h e r e  a r e  3.1.2 

m i l l i c u r i e s  of Co60 f o r  a t o t a l  of 2 4 . 9 6  m i l l i c u r i e s .  I n  t h e  LEN 
Ascent  S t a g e  t h e r e  a r e  f o u r  RCS t a n k a  a l s o  c o n t a i r L i n g  3.12 

m i l l i c u r i e s  of co60 f o r  a t o t a l  s o u r c e  s t r e n g t h  of 12 .48  rnillicuries. 
These t a n k s  a r e  a l s o  l o c a t e d  s y m m e t r i c a l l y  about  t h e  p r i n c i p a l  
a x i s .  

coba l t  60 i n  i t s  p r i n c i p a l  decay scheme t o  N i c k e l  50 
1 e m i t s  one b e t a  r a y  and 2 p h o t o n s .  The a rominen t  f e a t u r e s  of 

t h e  decay scheme a r e  shown i n  F i g u r e  2 .  The decay of Cob0 by 

e m i s s i o n  d i r e c t l y  t o  t h e  N i 6 '  ground s t a t e  i s  n e g l i g i b l e  ( l e s s  
6 t h a n  1 i n  10 ); t h e  number of  t r a n s i t i o n s  from co60 t o  N i  60 

a t  t h e  1 . 3 3  Mev l e v e l  i s  on ly  about  0 .3% of  t h e  t r a n s i t i o n s  t o  
t h e  2.50 Mev l e v e l .  Thus f o r  a l l  p r a c t i c a l  p u r p o s e s  t h e  decay 

of  co60 t o  xi6 '  i s  c e a r a c t e r i z e d  by s i n g l e  b e t a  e m i s s i o n  t o  t h e  

2.50 Mev l e v e l  of N i b '  f o l l m r e d  by t h e  e m i s s i o n  of two photsfis 
w i t h  e n e r g i e s  of 1. :7 Mev and 1 . 3 3  Mev. 

S h i e l d i n g  Models 

While t h e  r a d i a t i o n  l e v e l  a t  t h e  Descent  S t a g e  
l o c a t i o n  i s  b e s t  de te rmined  e x p e r i m e n t a l l y ,  r e a s o n a b l e  v a l u e s  
of t h e  r a d i a t i o n  i n t e n s i t y  can be c a l c u l a t e d  by assuming s imple  
models f o r  t h e  p o s i t i o n  of t h e  r a d i a t i o n  s o u r c e s ,  and t h e  
geometry of t h e  s p a c e c r a f t .  The s i m p l e s t  model assumes t h a t  
a l l  t h e  d i s t r i b u t e d  r a d i a t i o n  s o u r c e s  i n  t h e  SM f u e l  gauges a r e  
c o n c e n t r a t e d  a t  a p o i n t  on t h e  a x i s  of symmetry and  t h a t  t h e r e  



P is no attenuatior, of the radiation by the structure. ~ h u s  the 
radiation at any given point is equal to the original source 

2 strengti-i reduced by the 4IiE areal dependence. 

To calculate the effect of the radiation sources as 
they are distrib~ted in the RCS fuel tanks and of the attenuacicn 
by  the structure, a more conplicatPd model is used. ?he cobalt 
radiation sources in the ST: RCS tanks are assu~ed to act as s 
plane source with the total radiation intensity distributed 
uniformly over a disc T~~hlch matches the cross section of the 
service ~odule. This ass~rr~ption is consistenf with the actual 
location of the :?.I tanks relative to the LEM Descent Stage 
( r e  l .  If the 2b.95 n i l l i ~ ~ k s  are distribhted over a 
13 ft. dia~eter disc (ST*? diaxeter), a plane intensity source of - - 

2 
2 X 1 0  c i e c  is obtained. 

Since the CM and LEN are hollow irregularl~~ shaped 
structures, partially f'illed with equipment, the path lensth 
of the radiation in the materials used in calculating the 
attenuation cannot be easily determined. To approximate the 
path length, ezch structure is assumed to be completely corn- 
pressea into a solid right circular cylinder whose cross sectic~ 
matches that of the plane radiation source. The heiqht of the 
cylinder is now the eq~ivalent thickness or layer of the pzrti- 
cular module. 

The intensity cf radiation I after passing through 
the equivalent layers of shielding can now be calculated by the 

simple exponential decay form e -", where p is the linear 
zbscrption coefficient of an individual layer, x is the equivalent 
thickness of the layer, an? I is the incident intensity. The 

0 
equation relating these parameters is 

The llnear absorption coefficient, or fractional decrease 
in intensity of radiacion per unit thickness of absorber, de~ei:ds 
on both the energy of the ~h0t011~ being attenuated and the 
materials used. In general, there are three mechanism for 
intensity reduction: Coxpton scatterinq, phctoelectric effect, 
and pair production. The sun of the three mechanisrs, each of 
which is energy eependent, is the linear absorption ccefficient. 



60 At the average energy of the two Co photons, 1.25 Mev., Compton 
scattering is the primary contribution to the absorption - 

2 coefficient. The coefficient of the various materials, obtained from 
published data, is shown in Table I. 

Radiation at LEM Descent Stage Due to SM Gauges Only 

Using the average energy of the two emitted photons 
and the procedure outlined below, the equivalent layers and 
the fractional radiation intensity I/IQ are calculated. The 
results are tabulated below. The denslty and mass absorption 
coefficients for the various materials considered are also shown 
in Table I. 

The weight of each structure is divided by the density 
of its material; the resulting volume is now distributed as a 
right circular cylinder by dfviding by the cross sectional area 
of the SM and hence matching the previously assumed plane 
radioactive source (Figure 2). In calculating the equivalent 
layer thickness of the structures and fuel, each item is assumed 
to be made completely of a single material. Three materials, 
aluminum, iron and lead, are considered separately as the consti- 
tuant of the structure to bound the possible variations in 
materials. A similar procedure is followed for the LEM propellant 
except that the total propellant weight is divided between two 
different materials to reflect the variation in weight between 
oxidizer and fuel. 

COMMAND MODULE (CM) - Weight - 11,000 lbs 
A1 Fe 

Equivalent Volume ( ft . ) 65 22.5 

Equivalent Length (cm) 15 .5 -15 

I/Ic 0.102 0.112 



LUITAR EXCURSION MODULE (LEM) - Weight - 10,300 lbs 

Lquivalent Volume (ft.3) 

Lquivalent Length (cm) 14 4.83 3.35 

LEM Propellant 17,300 lbs Descent 
5,000 lbs Ascent 

22,300 lbs 

The total weight of propellant is assumed for calcu- 
lations to be apportionei 56 2/3% oxidizer - 33 1/3% fuel. 

Oxidizer Fuel 

Equivalent Volume (ft3) 

Equivalent Length (cm) 

I/Io 

The total fractional intensity is the product of the 
transmitted intensity from ezch layer: 

I ' 

X - X 
I - X 

I 
I 

- 
'0 LEM o I_ 

Structure Structure Fuel Oxidizer 



A 1  S t r u c t u r e  Fe S t r u c t u r e  Pb S t r u c t u r e  
& LEM Pro- & LEM Pro- & LEM Pro-  
p e l l a n t  p e l l a n t  p e l l a n t  

I - 9.75 10-5 
I0 T o t a l  

M u l t i p l y i n g  t h e  s o u r c e  s t r e n g t h  by t h e  c a l c u l a t e d  t o t a l  f r a c t i o n a l  
i n t e n s i t y  y i e l d s  t h e  i n t e n s i t y  a t  t h e  end o f  t h e  e q u i v a l e n t  l a v e r s ,  
c o r r e s p o n d i n g  t o  t h e  i n t e n s i t y  a t  t h e  bot tom o f  t h e  Descent  S t a g e .  

A s  n o t e d  above ,  a  p l a n e  s o u r c e  o f  co60 of 2 x 

cu r i e s / cm2  i s  assumed t o  be t h e  o r i g i n  o f  t h e  r a d i a t i o n .  The 
p l a n e  s o u r c e  v a l u e  i s  d i v i d e d  by two ( a c c o u n t i n g  f o r  t h e  d i r e c t i o n a l  
e f f e c t  o f  t h e  s o u r c e ) .  T h i s  r e d u c t i o n  i s  b a l a n c e d  by t h e  e m i s s i o n  

60 o f  two pho tons  i n  t h e  d i s i n t e g r a t i o n  o f  co60 t o  N i  . 
Thus t h e  s o u r c e  s t r e n g t h  i s  - 
I. = 2  X 10 -7 c u r i e s  x 3 . 7  x 10 10 d j - s i n t e g r a t i o n s  2 pho tons  1 

2 s e c  c u r i e  d i s i n t e g r a t i o n s  x 2 cm 

I. = 7 .4  x 10 3 pho tons  

cm2 s e e  

Hence t h e  i n t e n s i t y  a t  t h e  f a r  end o f  t h e  e q u i v a l e n t  l a y e r s  i s  

A 1  + P r o p e l l a n t  Fe + P r o p e l l a n t  Pb + P r o p e l l a n t  

I pho tons  
2  cm s e c  0 .7  0 . 8  0.6 

T o t a l  

I f  t h e  r a d i a t i o n  i s  n o t  a nar row beam o r  t h e  a t t e n u a t i n g -  
m a t e r i a l  i s  t h i c k ,  t h e n  an  a d d i t i o n a l  m u l t i p l i c a t i v e  t e r n  c a l l e d  
bu i ld -up  f a c t o r  must be i n c l u d e d  i n  t h e  i n t e n s i t y  c a l c u l a t i o n s .  
Both o f  t h e s e  e x c e p t i o n s  a r e  p e r t i n e n t  t o  t h e  c a s e  c o n s i d e r e d .  
Based on t h e  m a t e r i a l s  c o n s i d e r e d  and t h e i r  e q u i v a l e n t  t h i c k n e s s  
t h e  i n t e n s i t y  must be i n c r e a s e d  by a b o u t  t h r e e  t o  f o u r .  The e x p e c t e d  
photon  f l u x  r a n g e  a t  t h e  bot tom o f ' t h e  d e s c e n t  s t a g e  based  on t h e  
e q u i v a l e n t  l a y e r  model p l u s  bu i ld -up  i s  now 

2-3 p h o t o n s  

s e c  cm 2 



If  t h e  LEM a s c e n t  and d e s c e n t  p r o p e l l a n t  i s  n o t  l o a d e d  
on t h e  LEM ( q u i t e  p r o b a b l e  on e a r t h  o r b i t  m i s s i o n s  n o t  r e q u i r i n g  - 
LEM p r o p u l s i o n ) ,  t h e n  because  of  t h e  r educed  s h i e l d i n g ,  t h e  i n t e n s i t y  
a t  t h e  d e s c e n t  s t a g e  i s  abou t  100 t i m e s  h i g h e r ,  o r  

200-300 p h o t o n s  
s e c  cm 2 ' 

F o r  compar ison ,  t h e  above r e s u l t s  a r e  t a b u l a t e d  

t o g e t h e r  w i t h  t h e  r e s u l t s  from t h e  s i m p l e  I / R ~  a r e a l  
dependence model ( n o  s h i e l d i n g ) .  

ho tons  S t r u c t u r e  & P r o p e l l a n t  S t r u c t u r e  Only 
F l u x  

3 2 - 3  200 - 300 5 0 0 . -  600 
s e c  cm" 

R a d i a t i o n  A t  S e r v i c e  Module S e c t o r  I Due To SM Gauges Only 

S e c t o r  I o f  t h e  s e r v i c e  module,  a  50° p ie-shaped empty 
volume abou t  t h i r t e e n  f e e t  l o n g ,  i s  a  p o s s i b l e  l o c a t i o n  i n  which 
t o  i n s t a l l  e x p e r i m e n t s .  Tne p r o x i m i t y  of  S e c t o r  I t o  t h e  r a d i a t i o n  
s o u r c e s ,  F i g u r e  I, c a u s e s  a  h i g h  r a d i a t i o n  l e v e l  i n  S e c t o r  I .  The 

'2 r a d i a t i o n  l e v e l  i s  de te rmined  from a s imple  I / R  r e d u c t i o n  i n  
s o u r c e  s t r e n g t h  between an assumed p o i n t  s o u r c e  o f  r a d i a t i o n  i n  
each  o f  t h e  e i g h t  RCS t a n k s  and t h e  l o c a t i o n  of  i n t e r e s t .  The 
r a d i a t i o n  l e v e l  i s  c a l c u l a t e d  a t  t h r e e  p o i n t s  i n  S e c t o r  I which 
l i e  on a l i n e  p a r a l l e l  t o  t h e  s e r v i c e  module ' s  p r i n c i p a l  a x i s  
and f o u r  f e e t  from i t .  T h i s  l i n e  p a s s e s  t h r o u g h  t h e  approximate  
c e n t e r  o f  S e c t o r  I .  Using t h e  p r e v i o u s l y  s t a t e d  s o u r c e  s t r e n g t h  . - 
o f  3.12 m i l l i c u r i e s  o f  cob' p e r  RCS t a n k  t h e  r a d i a t i o n  f l u x  
a t  r e p r e s e n t a t i v e  p o i n t s  i n  t h e  f r e e  volume o f  S e c t o r  I a r e  
t a b u l a t e d .  

E i s t a n c e  measured from CM-SM j u n c t u r e  
o f t .  6 . 5  f t .  1-3 f t .  

 lux photons  
3 

Comparing t h e s e  r e s u l t s  f o r  S e c t o r  I w i t h  t h o s e  from 
t h e  p r e v i o u s  s e c t i o n ,  i t  i s  n o t e d  t h a t  th'e r a d i a t i o n  l e v e l  a t  t h e  
d e s c e n t  s t a g e  w i t h  no LEN p r o p e l l a n t  f o r  s h i e l d i n g  i s  one o r d e r  o f  
magnitude lower  t h a n  t h e  minimum r a d i a t i o n  i n  S e c t o r  I .  Under t h e  
more f a v o r a b l e  s h i e l d i n g  c o n d i t i o n  w i t h  f u e l  i n  t h e  LEM t h e  r a d i -  
a t i o n  l e v e l  i s  t h r e e  o r d e r s  of  magnitude l e s s  t h a n  t h a t  i n  S e c t o r  I .  



R a d i a t i o n  Due t o  LEM Gauses Only 

Ca lcu la . t i ons  of  t h 2  r a d i a t i o n  l e v e l  a t  t h e  Descent  
S tage  and i n  S e c t o r  I due on ly  t c  t h e  LEN gauges a r e  
summarized. With t h ?  symmetr ic  l o c a t i o n  of t h e  RCS gauges  i n  t f le  LEBi 
and t h e  i n t e r v e n i n g  s t r u c t u r e  between t h e  r a d i a t i o n  s o u r c e s  arid t h z  
r e g i o n s  of i n t e r e s t ,  c a l c u l a t i o n  of t h e  r a d i a t i c n  l e v e l  r e d u c e s  t o  
t h e  problem p r e v i o u s l y  c o n s i d e r e d  of an  e q u i v a l e n t  l a y e r  t h i c k n e s s  
between a  p l a n e  r a d i a t i o n  s o u r c e  and a  r e g i o n  of  i n t e r e s t .  A s  wes 

n 

done p rev ious ly ,  t h e  I/R' r : i d i a t i o n  r e d u c t i o n  i s  a l s o  shovin f o r  
compar ison .  

LEM D/S S t r u c t u r e  I / R ~  

F l u x  photons  370 6 0 0  
2  cm s e c  

S e c t o r  I 

F l u x  photons  

cm2 s e c  

Conc lus ions  

Based on t h e  l i m i t e d  model assumed f o r  t h e  d i s t r i b u t i o c  
of  t h e  SM r a d i a t i o n  s o u r c e s  and t h e  r a d i a t i o n  a t t e n u a t i o n  b y  
t h e  s ? a c e c r a f t ,  t h e  LEP.lDescer~t S t a g e  i s  a more f a v o r a b l e  l o c a t i c n  
f o r  i n s t a l l a t i o n  of r a d L a t i o n  s e n ~ i t l v e  e x p e r i m e n t s  t h e n  S e c t o r  I of 

60 t h e  S e r v i c e  PIodule. Remcval of t h e  LEM Co RCS gauges s u b s t a i l t i a l l ;  
r e d u c e s  t h e  photon  f l u x  a t  t h e  bot tom of t h e  D e s c e r ~ t  S t a g e .  

F i n a l l y  i t  s h o u l d  b e  s t r e s s e d  t h a t  p a r t i c u i a r  expe r imen t s  
must be c o n s i d e r e d  indiviciu; l ly  w i t h  r e g a r d  t o  cne i - r  s e n s i t i v i t y  t o  
x -  r a y  r a z i a t i o n  and t o  t . e i r  p r e c i s e  l o c a t i o n  on t h e  s p e c e c r a f t  
s i n c e  t h e  p o s s i b i l i t i e ,  r "wir idoi .~~"  canno t  ue n - g l e c t e d .  

Attachments  
Tab le  1 
F i g u r e s  1 and 2 
R e f  e r e  n c e s  

- '. C. 1 - L  

T. C .  Tweedie, J r .  



TABLE I 

50% Hydraz ine  ( p u e l )  0.90 
501 UDMH 

* F o r  1 . 2 5  Mev photon  

**  The mass a b s o r p t i o n  c o e f f i c i e n t  i s  g e n e r a l l y  a c o n s t a n t  f o r  
most m a t e r i a l s  f o r  pho tons  o f  a p a r t i c u l a r  e n e r g y .  A nominal  
v a l u e  was assumed. 
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FIGURE 2 - PRIFCIPAL DECAY SCHEME OF c o 6 0  TO ~i 


